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Abstract
Background and objective: Virtual reality (VR) and augmented reality (AR) have been proposed as novel methods
to enhance cardio-pulmonary resuscitation (CPR) performance and increase engagement with CPR training. A
scoping review was conducted to map the global evolution of these new approaches to CPR training, to assess
their efficacy and determine future directions to meet gaps in current knowledge.
Methods: A standardised five-stage scoping methodology was used to (1) identify the research question, (2)
identify relevant studies, (3) select the studies, (4) chart the data and (5) summarise the findings. The Kirkpatrick
model levels of evidence were used to chart and assess the efficacy of each intervention reported. A multi-pronged
search term strategy was used to search the Web of Science, PubMed, CINAHL and EMBASE databases up to June 2020.
Results: A total of 42 articles were included in this review. The first relevant paper identified was published in 2009 and
based on VR, from 2014 onwards there was a large increase in the volume of work being published regarding VR and AR
uses in CPR training. This review reports Kirkpatrick level one to three evidence for the use of VR/AR–CPR. Inconsistencies
in the specific language, keywords used and methodologies are highlighted.
Conclusion: VR and AR technologies have shown great potential in the area of CPR, and there is continuing evidence of
new novel applications and concepts. As VR/AR research into CPR reaches an inflection point, it is key to bring
collaboration and consistency to the wider research community, to enable the growth of the area and ease of access to
the wider medical community.
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Background
As a society, we currently face two significant problems
with cardiopulmonary resuscitation (CPR). The first
challenge centres on the quality of CPR performed dur-
ing both out-of-hospital and in-hospital cardiac arrests.
The second challenge lies in trying to engage the general
public in CPR training. Effective CPR, with appropriate
rate and depth of compressions, is vital for survival after
cardiac arrest [1]. Even within hospitals, high-quality
chest compressions do not occur in 36–87% of CPRs
[2–4]. Studies of CPR training within hospitals, typic-
ally face to face training in groups on CPR manikins,
indicate substantial room for improvement in CPR
performance [5]. Outside of hospitals, bystanders
witness approximately 50% of cardiac arrests [6]. It is
estimated that neurologically intact survival would
increase up to four-fold, saving more than 100,000
deaths a year if the general public was educated and
engaged to do CPR [6, 7]. Therefore, providing up to
date CPR training, that teaches high-quality skills, in
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an engaging manner for both healthcare professionals and
members of the public, is of great importance. Further to
this, the recent novel coronavirus (COVID-19) pandemic
has led to an increased urgency to reduce group
trainings, especially where trainees are in continued
close contact, such as many of the current CPR training
methods.
Virtual reality (VR) has been proposed as potentially a
powerful tool to enhance interaction and performance
with manikin simulators [8]. Augmented reality (AR)
solutions to improve CPR engagement, using commer-
cially available devices such as Google Glasses (Google,
Mountain View, California, USA) and Microsoft HoloLens
(Microsoft, Redmond, Washington, USA), are also
appearing [9, 10].
For the purposes of this review, a training device had
to provide an immersive experience to be classed as
using virtual reality techniques. This is in agreement
with Cant et al [11] who suggest a definition of VR
within healthcare as a technology that uses fidelity,
immersion and patient depiction. Augmented reality
should also use technology to provide a multi-sensory
experience environment for the user; however, this is
not always exclusively immersive. The field of VR and
AR based CPR solutions is developing promisingly at the
time of this writing, with new proposals and early valid-
ation studies. The spread of COVID-19 has led to an in-
crease in interest in how innovative technologies, such
as VR and AR, may be utilised to limit the unnecessary
physical interaction of people. To date, there has been
no review that has focused on the evolution of the VR
and AR based CPR solutions. This scoping review aims
to review published material on VR and AR in CPR
training to evaluate the evidence of its efficacy in enhan-
cing learning, knowledge, skills, and attitudes. Also, to
provide suggestions regarding how the field can continue
to develop and provide increasing utility in teaching
CPR skills.
Methods
A scoping review provides an initial insight into the
content and breadth of developing heterogeneous data
from diverse sources, prior to embarking on a systematic
review on deeper established datasets [12, 13]. This
scoping review utilised the Preferred Reporting Items for
Systematic reviews and Meta-Analyses extensions for
Scoping Reviews [14]. The methods of this review were
based on the five-stage methodology of Levac,
Colquhoun and O’Brien [15].
1. Identify the research question
2. Identify relevant studies
3. Select the relevant studies
4. Chart the data
5. Summarise and report the results
Identify the research question
As technologies including VR and AR continue to
evolve, become less expensive and within the reach of
researchers, the next step to potential applications in
healthcare staff training comes in to sight. Globally, CPR
training inside and outside of healthcare remains chal-
lenging and the evidence base for the application of VR
and AR to CPR is beginning to grow. This growth has
led to the proposal of the question ‘Can VR and/or AR
improve CPR training?’ This in turn was developed fur-
ther to focus upon the educational outcomes of basic life
support training, using the Kirkpatrick model. The re-
sultant research question of ‘Can VR and/or AR enhance
learning, knowledge, skills or attitudes and if applied,
was there an outcome concerning basic life support
skills?’ This question was deemed broad enough to cap-
ture the current evidence base yet focused enough to in-
dicate areas and direction for development of the
literature further.
Eligibility criteria
In order to be included, the identified article had to be
on the topic of life support training or performance and
use of VR and/or AR as a teaching or feedback tool. No
limitations on date or language were filtered for this
search; English-language translations were procured for
those written primarily in a different language.
Articles were excluded if they were opinion pieces ra-
ther than unbiased reviews/studies, or did not use VR or
AR methods for CPR. To be classed as virtual reality, the
methodology had to include an immersive element.
Identify relevant studies
A multi-pronged search term strategy was used to
search the Web of Science, PubMed, CINAHL and
EMBASE databases in June 2020. Articles were required
to have terms from both topics of CPR and VR/AR.
Terms for CPR included heart massage, artificial respir-
ation, cardiopulmonary resuscitation, CPR, basic life
support, heart stoppage, cardiac massage, heart massage,
circulatory arrest. VR/AR terms included computer
simulation, user-computer interface, virtual reality, aug-
mented reality, computer simulation, computer assisted
therapy (Table 1). Google scholar was also searched, as
were hand searches on full text articles. Duplicates were
removed by an author (KK).
Study selection
One author and an expert librarian conducted the
search. Three authors screened and full text reviewed
the resultant findings (KK, S-HP and RM); study
Kuyt et al. Advances in Simulation            (2021) 6:11 Page 2 of 8
selection was confirmed by discussion and consensus by
all the authors.
Charting the data
Microsoft Excel 2013 (Redmond, WA, USA) was used to
gather and display relevant information regarding each
of the selected studies. The data-charting matrix was de-
veloped collaboratively by two authors (RM and TC) to
determine which metrics and data to collect. This in-
cluded subject of study (virtual reality or augmented
reality), year of publication, geography of study, source
of publication and impact factor (June 2020).
The findings of the studies were assessed and reported
based on the Kirkpatrick model, which is used to assess
the efficacy of a specified training or intervention. The
Kirkpatrick model can be used to evaluate how likely a
training programme is to meet the needs of both the or-
ganisation and the trainees. It consists of four levels of
evidence, assessing the reaction to training, skills learnt,
behaviours and outcomes [16] (Table 2).
Synthesis and reporting of results
Studies were grouped according to the main method
used/reported, that of VR or AR. Also, studies were
stratified according to the Kirkpatrick model, and which
level of evidence they supplied. The information collated
in this literature search was reviewed to provide an over-
view of the existing knowledge and findings on this topic
and identify gaps in the literature.
Results
The search resulted in 696 articles, of which 534 were
excluded by title, and 71 were excluded on review of the
abstract. An additional 49 studies were identified as du-
plicates and removed. Forty-two articles were included
in this review (Fig. 1). Of these articles 29 were
regarding VR, and 13 were studies based on AR. A full
list of included articles can be found in Additional file 1.
Publications by year
The first original article published on these topics was in
2009 and reported on the acceptance of, and interest in,
a newly developed prototype of a virtual reality en-
hanced manikin (VREM) [17]. The following year, fur-
ther data on this VREM was presented during a
conference [18]. In addition, in 2010, a review discussing
the potential uses of VR in nursing education and CPR
was published [19]. From 2016, there has been an expo-
nential growth of publications regarding VR and AR in
CPR. Although the data was collected only part way
through 2020, the expectation is for this trend to con-
tinue. Earlier publications reviewed the use of VR; the
first of the included publications based on the use of AR
technology was not published until 2016 [20] (Fig. 2).
Geography of publications
Publications were identified from twelve different coun-
tries (see Table 3). The first original article on these topics
was published by an Italian team in 2009 [17] and this
team has since continued to publish on the topic [18, 21–
23]. Research groups in the USA have also significantly
contributed to the literature on the use of VR and AR in
CPR. This review identified 16 publications (6 articles, and
Table 1 Full search strategy used for database searches on Web
of Science, PubMed, CINAHL and EMBASE
(“heart massage” or “artificial respiration” or “cardiopulmonary
resuscitation” or CPR or “basic life support” or “heart stoppage” or
“cardiac massage” or “heart massage” or “circulatory arrest”)
And
(“computer simulation” or “user-computer interface” or “virtual reality” or
“augmented reality” or “computer simulation” or “computer assisted
therapy”)
Table 2 The Kirkpatrick levels of evidence to assess intervention efficacy
Level 1 Participants react favourably to the learning or intervention.
Level 2 Participants acquired knowledge, skills and attitudes based on the intervention or study.
Level 3 Participants applied what they learnt into practice.
Level 4 Once applied, there was an outcome to that application of skills learnt from the intervention.
Fig. 1 Flow diagram of the review of search results for the
literature review
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10 conference abstracts) from primarily USA based teams
ranging in publication from 2010 to 2020. In contrast, al-
though British teams have published multiple papers on
the subject [24–27], the first of these papers was not pub-
lished until 2019.
Source of publication
Twenty-four publications were articles, and 18 were
published abstracts from conferences. A number of the
articles were published in high impact journals such as
Circulation. Resuscitation, another journal with a high
impact factor, has published many publications on the
topics of VR and AR in CPR; both conference abstracts
and full articles (Additional file 2).
Author keywords
Authors used a large variety of keywords throughout the
papers. The most prominent words were ‘reality’, ‘resus-
citation’, ‘virtual’. There was a discrepancy in the use of
‘VR’ versus ‘virtual reality’. Additionally, some excluded
papers had used the term ‘virtual reality’, where the
study protocol did not align with standard definitions of
VR as of this publication.
Assessment of outcomes—Kirkpatrick model
Level 1: feasibility and reaction
Regardless of the effectiveness of VR and AR in CPR
training and provision, they are of limited utility unless
they are accepted by the workforce and trainers. This
aligns with level one of evidence in the Kirkpatrick
model. In the first novel paper included in this review,
Semeraro et al (2009) evaluated the acceptance of the
VREM (VR enhanced manikin) prototype, 85% of partic-
ipants stated the VR experience was interesting and be-
lieved it could be very useful for healthcare training [17].
However, the sample for this study consisted of volun-
teers to review the manikin who were already attending
a medical congress, and therefore have a large potential
to be biased.
Wong et al (2018) surveyed 30 CPR instructors regard-
ing their views on the use of VR in CPR training, report-
ing that VR was viewed by the instructors as having
potential as a blended learning tool, for both novice and
experienced healthcare professionals [28]. Additionally,
there has been positive feedback from participants who
used VR for CPR training, with reports of an increase in
skill confidence [25, 29], and users finding VR user
friendly [10, 17, 30]. Recently, Balian et al. have ex-
panded the concept of AR CPR training further. Partici-
pants undergoing the AR training (n = 51) had real-time
Fig. 2 Graphical representation of publications per year. Data collected June 2020
Table 3 Nationality of the research teams and year of first
publication from that country. When authors were from
multiple nations, the nationality of first author was used
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feedback, via a holographic overlay of blood flow to vital
organs, which was dependent on the quality of chest
compressions being performed. Ninety-eight percent of
the participants felt the visualizations were helpful for
training, and 94% were willing to use the application in
future CPR training [31].
Level 2: knowledge, skill and attitudes
The second level of evidence in the Kirkpatrick model is
evidence of participants learning new knowledge or
skills. Multiple studies found that the use of VR and AR
during CPR training led to an increased in the practical
skills of CPR [25, 29, 32]. The skill increase post VR/AR-
based trainings were shown to be at least comparable
with traditional classroom methods; however, it is not
established that VR and AR leads to greater skill im-
provement [30, 33, 34]. Siebert et al (2017) studied the
effects of wearing AR glasses during a simulated paediat-
ric arrest. They compared the adherence to American
Heart Association guidelines when wearing AR glasses
or when referring to pocket reference cards. Although
many measured outcomes did not change, participants
wearing the glasses demonstrated improved adherence
with administrating the correct defibrillation doses [35].
Level 3: application of knowledge
Multiple studies [36, 37] went beyond looking at purely
the skills of CPR and used VR and AR technology to im-
merse participants into a simulated scenario in which
they would be required to use their CPR skills. These
scenarios attempt to address level three of the Kirkpa-
trick model, the application of knowledge. Studies
showed increased engagement with the scenarios during
VR and AR-based training [36, 37]. Furthermore, Perez
et al (2017) concluded that physician feedback via google
glasses during a simulated cardiac arrest improved the
rate of successful CPR [38].
Level 4: outcomes
The highest level of evidence for a teaching/intervention
using the Kirkpatrick model is an improvement in pa-
tient/cardiac arrest victim outcomes. The authors were
not able to identify any published work on the influence
of VR and AR training on patient outcomes.
Discussion
The aim of the study was to evaluate the development of
research into the use of VR and AR to enhance CPR
training and provision. The findings of this review indi-
cate that this field of VR and AR CPR is both diverse
and immature. There is also evidence that the field is
growing and evolving with increasing publications and
subsequent citations stimulating the growth. Geograph-
ically, there is a spread of activity across developed
countries, as expected of a new field that is highly
dependent on advances in technology. The high number
of novel innovations and experimental studies presented
indicate that the field is ripe for future research and de-
velopment. The higher proportion of VR studies may be
reflective of the state of current technology. It is ex-
pected that the number of research articles regarding
the use of AR in CPR may increase in coming years.
Several of the papers identified in this search were ab-
stracts or details of innovative designs where the testing
and results had not yet been published. This illustrates
the growth and potential of this area of study, and re-
flects the development and incorporation of high fidelity
manikins into emergency medicine [39]. Innovative de-
signs varied from custom-designed VR wearable devices
[40], to encouraging engineering students to engage with
CPR training by designing a smartphone app [41]. The
majority of papers identified focused on CPR skills in
healthcare professionals, which aligns with the introduc-
tion of novel technology as it allows comparison to the
inbuilt control of previous performance. However, sev-
eral studies did recruit laypeople [29, 36]. Additionally,
novel work by Lopez-Belmonte et al. demonstrated that
AR methods could be used to teach the basics of CPR
compressions to children as young as 5 years old [32].
The reviewed publications show a wide range of meth-
odologies to assess the use of VR and AR. Overall, the
studies illustrated that virtual technologies have been
well received by instructors and those undergoing train-
ing (healthcare professionals and laypeople). There is
evidence to show that VR and AR technologies are par-
ticularly well received by the ‘technology natives’ of the
younger generation [29, 32]. By engaging school children
in learning CPR skills, we are enabling them to enter
into adulthood with the skills to improve the rates of by-
stander intervention. As AR develops, the potential uses
of being able to augment the users physical surrounding
with the virtual world are numerous. The work of Balian
et al. is an example of this; by adding the component of
the user seeing the blood circulation around the mani-
kin, there is the added aspect of not only auditory feed-
back but also visual [31]. AR expands on the technology
of VR and is a more recent development, therefore there
are less papers regarding the use of AR and CPR.
Javaheri et al. developed an AR CPR trainer model,
where participants can learn and practice CPR skills out
of a classroom setting, using AR via a virtual teacher that
instructs and provided feedback [42]. Similar work has
also been presented by Moe et al. [43].
The high rigor of the science generated to date is
reflected by the number of publications in high impact
peer reviewed journals. This may also indicate that the
novelty of VR is of interest as of this writing, to editors
and readerships. Reviewing the authorship of the
Kuyt et al. Advances in Simulation            (2021) 6:11 Page 5 of 8
included publications, it can be seen that there are emer-
ging research groups; where the same team have several
publications in the field of VR/AR CPR based in both
Italy and the USA.
A lack of systematic reporting in terms of author key-
words and lack of agreed-upon terminology was identi-
fied, which has led to a lack of cohesion in how work is
categorised within repositories. Of note, it was apparent
that there is a lack of consensus of what constitutes VR.
Does virtual reality have to be a fully immersive experi-
ence, or can you class any situational-based learning
using technology as VR? Kardong-edgren et al [44] dis-
cussed the issue of the differing definitions of VR and
concluded that the key aspect was immersion into an
environment through sensory richness. The same dis-
crepancies are likely to occur as research into AR, which
at this stage should be used only to describe the live
overlay of virtual situations on top the subject’s physical
surroundings. However, as AR builds on rather than re-
places the user’s surroundings, this could be through a
screen such as a tablet or smart phone, or through an
immersive headset.
These factors are likely to be limiting the visibility of
VR and AR research, both internally within the simula-
tion medicine community, and externally to the wider
reader and clinician. Standardization of keywords and
terminology has been used in simulation-based educa-
tion [29] and would likely be on benefit in VR and AR,
providing an opportunity to coalesce researchers and ad-
vance the field further.
Currently, the field of AR/VR CPR research is likely to
be at an inflection point in terms of publications as re-
searchers within this topic span both experts in the
digital innovation and resuscitation science and the tech-
nology continues to rapidly advance. However, to enable
successful growth, it is vital to collaborate as a commu-
nity of practice that mutually engages, shares resources
and has joint accountability to shape this field of re-
search and yield potential solutions to improve CPR
quality and bystander CPR engagement. The Inter-
national Network for Simulation-based Pediatric Re-
search, Innovation & Education (INSPIRE network) is an
example of where this has been achieved [45]. It was
established to provide a framework of research needs
and standardisation within paediatric simulation-based
science and medicine [36] and encourages collaboration
between persons and institutions [45]. Another forward
step would be an agreement of a lexicon of terms and
definitions to clarify the field and aid appropriate sign-
posting for research findings and resources.
The COVID-19 pandemic has led to a ‘new-normal’
that poses significant challenges on how to learn and
maintain CPR skills. Gatherings of large groups are
strongly discouraged and, in many organisations, not
allowed at all, the majority learning has been converted
to a socially distant or virtual format, and people are en-
couraged to keep a distance of 2-metres or more unless
wearing suitable persona protective equipment. Further
collaborative exploration of the value of VR and AR CPR
may provide important insights on potential solutions to
these challenges, and the changing landscape of CPR
training.
Limitations
The analytical methodology chosen was not a systematic
review, therefore the quality of the papers was not
reviewed in-depth, and all were treated with equal
weighting. Furthermore, our search terms selected may
have missed other unique articles that could have other-
wise met inclusion criteria, as the keywords for new
technologies may still be evolving.
Conclusion
From 2009 to 2019, the number of peer-reviewed articles
and conference proceedings about VR and AR on CPR
has grown slowly but now exponentially, with geograph-
ical diversity and high impact. Published work has dem-
onstrated that VR and AR technologies met level one
and two in the Kirkpatrick model to assess a teaching
method. Early evidence suggests that trainees apply the
knowledge they learn during VR and AR training ses-
sions, but further evidence is needed, along with data re-
garding the outcome of the application of skills. Now is
the time to look to the future, building on the work
reviewed in this paper, and grasping the opportunity for
new innovations to improve how healthcare profes-
sionals and the general public provide CPR.
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